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GENERATING PROGRAMIS BASED ON 
INPUT OUTPUT EXAMPLES USING 

CONVERTER MODULES 

BACKGROUND 

Many data manipulation scenarios involve converting a 
large quantity of input information from one format to 
another format. For example, assume that a user wishes to 
convert a collection of invoice records from an original 
format to a target format. For example, the user may wish to 
convert the invoice records into a native format that is used 
by his or her record-keeping software. If the collection of 
invoice records is Small enough, the user may decide to 
perform this conversion in a manual manner. However, this 
task becomes increasingly impracticable as the size of the 
collection grows larger. 
A user may alternatively address this task by writing a 

program which converts the records from an input format to 
a desired output format. For example, a user who is an expert 
in spreadsheet-related technology can write a macro pro 
gram which performs this task. However, many users do not 
have the requisite skills and/or motivation to write such 
programs. Further, writing a satisfactory program can be a 
non-trivial and time-consuming task for even experienced 
USCS. 

The above features and attendant potential shortcomings 
are presented by way of illustration. Existing data manipu 
lation strategies may suffer from yet other shortcomings and 
challenges. 

SUMMARY 

A program generation system is described that generates 
a program based on plural input-output examples. The 
input-output examples include input items and correspond 
ing output items. In one implementation, the program gen 
eration system includes three component modules. A parsing 
module processes the input items and output items to 
provide a plurality of input parts and output parts, respec 
tively. A transformation module determines, for each output 
part, whether the output part can be produced from a 
corresponding input part using one or more converter mod 
ules selected from a collection of candidate converter mod 
ules. A formatting module generates formatting instructions 
that transform selected output parts into a form specified by 
the original output items. These three modules yield a 
generated program that embodies logic learned from the 
input-output examples; the generated program can be Sub 
sequently used to transform new input items into new 
respective output items. 

According to one illustrative aspect, the parsing module 
determines the input parts and the output parts based on one 
or more parsing tools. In one case, a parsing tool makes 
reference to a data store of parsing rules. 

According to one illustrative aspect, the transformation 
module selects one or more converter modules for an output 
part by Successively investigating each candidate converter 
module in the collection of candidate converter modules. In 
another case, the determination module can use a search 
acceleration tool to more efficiently search through the 
collection of candidate converter modules. 

According to one illustrative aspect, each candidate con 
verter module is configured to transform input information 
into output information based on at least one predetermined 
conversion rule. For example, one type of converter module 
can convert date information from a first date format to a 
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2 
second date format. Another type of converter module can 
convert measurement information from a first standard to a 
second standard. Another type of converter module can 
process numeric information using a mathematical opera 
tion. Another type of converter module can search for 
identified content in an input item and replace it with 
designated content for use in a corresponding output item, 
and so on. 

According to one illustrative aspect, the formatting mod 
ule generates formatting instructions which arrange output 
parts in an order which matches a format specified by the 
original output items. The formatting module can also 
generate formatting instructions which print constant infor 
mation to match invariant information presented in the 
output items. 
The above functionality can be manifested in various 

types of systems, components, methods, computer readable 
media, data structures, articles of manufacture, and so on. 

This Summary is provided to introduce a selection of 
concepts in a simplified form; these concepts are further 
described below in the Detailed Description. This Summary 
is not intended to identify key features or essential features 
of the claimed subject matter, nor is it intended to be used 
to limit the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a program generation system for generating 
a program that performs a data manipulation task based on 
input-output examples, together with a program execution 
module which applies the program to new input items. 

FIG. 2 shows a data manipulation system that includes the 
program generation system and program execution module 
of FIG. 1. 

FIG. 3 is a flowchart that shows an overview of one 
manner of operation of the program generation system of 
FIG 2. 

FIG. 4 is flowchart that shows how the program genera 
tion system (of FIG. 2) can generate a program using a 
three-part operation. 

FIG. 5 shows an example which illustrates one manner of 
operation of a parsing module that is used in the program 
generation system of FIG. 2. 

FIG. 6 is a flowchart which complements the example of 
FIG. 5, e.g., by showing an overview of one manner of 
operation of the parsing module. 

FIG. 7 is a flowchart that shows one way to implement 
parsing operations in the procedure of FIG. 6. 

FIGS. 8 and 9 together show an example which illustrates 
one manner of operation of a transformation module that is 
used in the program generation system of FIG. 2. 

FIG. 10 is a flowchart which complements the example of 
FIGS. 8 and 9, e.g., by showing an overview of one manner 
of operation of the transformation module. 

FIG. 11 shows an example which illustrates one manner 
of operation of a formatting module that is used in the 
program generation system of FIG. 2. 

FIG. 12 shows an example of a program that can be 
generated by the program generation system of FIG. 2, 
based on the operation of the parsing module, the transfor 
mation module, and the formatting module. 

FIG. 13 is a flowchart which complements the example of 
FIG. 11, e.g., by showing one manner of operation of the 
formatting module of FIG. 2. 

FIG. 14 shows illustrative processing functionality that 
can be used to implement any aspect of the features shown 
in the foregoing drawings. 
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The same numbers are used throughout the disclosure and 
figures to reference like components and features. Series 100 
numbers refer to features originally found in FIG. 1, series 
200 numbers refer to features originally found in FIG. 2, 
series 300 numbers refer to features originally found in FIG. 
3, and so on. 

DETAILED DESCRIPTION 

This disclosure is organized as follows. Section A 
describes an overview of a program generation system for 
generating a program for use in performing a data manipu 
lation task. Sections B, C, and D respectively describe a 
parsing module, a transformation module, and a formatting 
module used by the program generation system. And Section 
E describes illustrative processing functionality that can be 
used to implement any aspect of the features of the foregoing 
sections. 
As a preliminary matter, Some of the figures describe 

concepts in the context of one or more structural compo 
nents, variously referred to as functionality, modules, fea 
tures, elements, etc. The various components shown in the 
figures can be implemented in any manner. In one case, the 
illustrated separation of various components in the figures 
into distinct units may reflect the use of corresponding 
distinct components in an actual implementation. Alterna 
tively, or in addition, any single component illustrated in the 
figures may be implemented by plural actual components. 
Alternatively, or in addition, the depiction of any two or 
more separate components in the figures may reflect differ 
ent functions performed by a single actual component. FIG. 
14, to be discussed in turn, provides additional details 
regarding one illustrative implementation of the functions 
shown in the figures. 

Other figures describe the concepts in flowchart form. In 
this form, certain operations are described as constituting 
distinct blocks performed in a certain order. Such imple 
mentations are illustrative and non-limiting. Certain blocks 
described herein can be grouped together and performed in 
a single operation, certain blocks can be broken apart into 
plural component blocks, and certain blocks can be per 
formed in an order that differs from that which is illustrated 
herein (including a parallel manner of performing the 
blocks). The blocks shown in the flowcharts can be imple 
mented in any manner. 
As to terminology, the phrase “configured to encom 

passes any way that any kind of functionality can be 
constructed to perform an identified operation. The terms 
“logic’’ or “logic component' encompass any functionality 
for performing a task. For instance, each operation illus 
trated in the flowcharts corresponds to a logic component for 
performing that operation. When implemented by a com 
puting system (e.g., “computing functionality'), a logic 
component represents a physical component that is a physi 
cal part of the computing system, however implemented. 
The following explanation may identify one or more 

features as “optional.” This type of statement is not to be 
interpreted as an exhaustive indication of features that may 
be considered optional; that is, other features can be con 
sidered as optional, although not expressly identified in the 
text. Similarly, the explanation may indicate that one or 
more features can be implemented in the plural (that is, by 
providing more than one of the features). This statement is 
not be interpreted as an exhaustive indication of features that 
can be duplicated. Finally, the terms “exemplary' or “illus 
trative' refer to one implementation among potentially many 
implementations. 
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4 
A. Overview and Illustrative Usage Scenarios 
FIG. 1 shows an illustrative program generation system 

102 for creating a program based on input-output examples. 
Each input-output example includes an input item and a 
corresponding output item. The input item may include one 
or more component parts, referred to herein as input parts. 
The output item may also include one or more component 
parts, referred to as output parts. 

Each output item represents some type of transformation 
performed on a corresponding input item. For example, an 
output item may include one or more output parts which 
represent direct copies of one or more corresponding input 
parts taken from the input item. In addition, or alternatively, 
an output item may include one or more output parts which 
represent transformations (not direct copies) of one or more 
corresponding input parts. In addition, or alternatively, an 
output item can include formatting applied to its content that 
differs from the formatting applied to the corresponding 
input item. In addition, or alternatively, an output item can 
include one or more output parts which have no counterpart 
parts within the corresponding input item. In addition, or 
alternatively, an output item need not include a counterpart 
part for every input part in the corresponding input item. 

For example, FIG. 1 presents an illustrative set of input 
output examples 104 within a data file 106. The set of 
input-output examples 104 includes a plurality of input 
items 108 and a corresponding plurality of output items 110. 
In this example, the input items comprise a single column of 
alphanumeric input information; likewise, the output items 
110 comprise a single column of alphanumeric output infor 
mation. However, in other cases, a data file 106 can include 
a single column of input information which maps to two or 
more columns of output information. In another case, the 
data file 106 can include two more columns of input infor 
mation which maps to a single column of output informa 
tion. In another case, the data file 106 can include two or 
more columns of input information which maps to two or 
more columns of output information, and so on. Further, a 
data file 106 can organize sets of input information and 
output information in any manner (that is, besides, or in 
addition to, a columnar organization). More generally stated, 
the example shown in FIG. 1 can be varied in many different 
ways. 

In the particular scenario of FIG. 1, the input items 
represent invoices in an original format. The output items 
represent a transformed version of the invoices in an output 
format. For example, the first input item includes a date in 
a particular format (“2-2-15'), representing a date of Feb. 2, 
2015. The output item transforms this date to another format, 
that is, by printing an abbreviation of the month name (i.e., 
“Feb.'). In addition, the output item transforms the first 
character of the month abbreviation from uppercase to 
lowercase, to thereby yield “feb.” The first input item also 
includes a name of a city, namely “Denver.” The output item 
transforms this city information into corresponding abbre 
viated state information, namely “CO.' The first input item 
also includes a cost value in dollars, namely “152.02.” The 
output item repeats this cost value, but rounds the value off 
to the nearest dollar amount, yielding “152. The first input 
item also includes a string "Paid.” The output item repeats 
this string in Verbatim fashion. 

Further note that the output item (for the first input-output 
example) includes additional information that is not present 
in the corresponding input item. For example, the output 
item includes three commas, whereas the input item only 
includes a single comma. Further, the output item adds a 
dollar sign “S” in front of the cost figure “152.” Further, the 
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output item arranges information in a different manner 
compared to the corresponding input item. For example, the 
input item places the location information (“Denver) prior 
to the cost information (“152.02), whereas the output item 
places the cost information (“152) before the location 
information (“CO). Finally, the output item renders the last 
string (“Paid”) in boldface, whereas it is not presented in 
boldface in the input item. As can be appreciated, this 
particular example is presented merely for explanation pur 
poses. Other input-output examples can vary from this 
scenario in any manner. 
The data file 106 also includes another set of untrans 

formed input items 112 that do not yet have corresponding 
output items. For Small data sets, the user may study the set 
of input-output examples 104 to discover the logic that is 
being used to transform input items to corresponding output 
items. The user may then manually generate new output 
items for the set of new input items 112 which conform to 
this logic. However, this manual operation becomes imprac 
tical as the size of the data file 106 increases. 

To address this issue, the program generation system 102 
automatically generates a program 114 that assists the user 
in transforming the set of input items 112 into a desired 
output form. From a high level perspective, the program 
generation system 102 generates the program 114 based on 
the set of input-output examples 104. A program execution 
module 116 then applies the program 114 to the set of new 
input items 112. This yields a set of new output items. For 
example, the program 114 automatically transforms the new 
input item “4-19-15 Yakima 292.88, Paid” to “apr 2015, 
$293, WA, Paid.” 

FIG. 2 shows one illustrative data manipulation system 
200 that can make use of the program generation system 102 
and the program execution module 116 of FIG. 1. Generally, 
FIG. 2 demarcates different modules to clearly identify the 
functions performed by these respective modules. In one 
case, these modules may represent different physical com 
ponents. In other cases, one or more of the modules may 
represent components within one or more other modules. 

From a high-level perspective, the program generation 
system 102 operates in conjunction with any type of data 
manipulation functionality 202. The data manipulation func 
tionality 202 represents any tool for performing processing 
on data items. In one case, the data manipulation function 
ality 202 may provide a user interface which allows a user 
to inspect and modify the data items. For example, in one 
case, the data manipulation functionality 202 may represent 
a spreadsheet system that allows a user to manipulate data 
items in tabular form. One spreadsheet system that can be 
used is Microsoft Office Excel(R) provided by Microsoft(R) 
Corporation of Redmond, Wash. In another case, the data 
manipulation functionality 202 may represent table manipu 
lation functionality within a document editing application, 
and so on. 
The data manipulation functionality 202 may interact with 

other functionality 204. For example, the data manipulation 
functionality 202 may receive data items from the other 
functionality 204, or send data items to the other function 
ality 204. The other functionality 204 may represent an 
application module of any type (Such as a document editing 
application, a spreadsheet application, and so on). Alterna 
tively, or in addition, the other functionality 204 may rep 
resent a network-accessible entity of any type. For example, 
the other functionality 204 may represent a collection of data 
items maintained in a remote data store, accessible via the 
Internet. 
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6 
In operation, the user may feed a collection of input 

output examples to the data manipulation functionality 202. 
For example, in one case, the user may manually create a set 
of input-output examples. In another case, the user may 
instruct the data manipulation functionality 202 to read in a 
data file that contains the input-output examples. The data 
file can be obtained from any source, such as the other 
functionality 204, which may represent a local source and/or 
a remote source (with respect to the data manipulation 
functionality 202). Upon instruction, the data manipulation 
functionality 202 can use the program generation system 
102 to provide a program 114. That program 114 expresses 
the logic embodied in the input-output examples. The pro 
gram execution module 116 can then use the program 114 to 
automatically process new input items to generate new 
output items. 

FIG. 2 shows the data manipulation functionality 202 and 
program generation system 102 as two distinct respective 
modules. In another case, the data manipulation functional 
ity 202 may incorporate the program generation system 102 
as one of its components, or vice versa. Likewise, FIG. 2 
shows the program execution module 116 as a component 
within the data manipulation functionality 202. In another 
case, the data manipulation functionality 202 and the pro 
gram execution module 116 may represent two distinct 
modules. 
The data manipulation functionality 202 may invoke the 

program generation system in different modes. In one mode, 
the user may expressly invoke the functionality of the 
program generation system 102, e.g., by activating a com 
mand button, menu item, etc. within a user interface pre 
sentation provided by the data manipulation functionality 
202. The user may then expressly identify a set of input 
output examples for use in generating the program 114. 

In another mode, the data manipulation functionality 202 
can include detection functionality which detects that the 
user is repetitively performing the same type of transforma 
tion on a collection of input items to provide corresponding 
output items. The data manipulation functionality 202 can 
then automatically invoke the program generation system 
102 based on the input-output examples that the user has 
already Supplied. 

These usage modes are representative rather than exhaus 
tive. The data manipulation functionality 202 may interact 
with the program generation system 102 in yet other modes 
of operation. 
The user may directly or indirectly invoke the program 

generation system 102 to accomplish different data manipu 
lation objectives. In a first scenario, the user can invoke the 
program generation system 102 when there is some envi 
ronment-specific desire to convert information expressed in 
a first format into information expressed in a second format. 
For example, in one case, the user may receive information 
from another person (or persons) in a first format. The user 
may wish to transform this information into a second format 
that is more acceptable to the user, based on any environ 
ment-specific consideration(s). In another case, the user 
herself may have created the information in the first format. 
The user may now wish to transform the information into the 
second format. In another case, the user may receive infor 
mation from a source application, data store, or the like, 
expressed in the first format. The user may wish to convert 
this information into a second format that is more Suitable 
for a target application, data store, or the like. For example, 
the user may wish to convert information from a format used 
by a document editing application to a format used by 
spreadsheet application, or vice versa. In another case, the 
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user wish to convert information expressed in a markup 
language format (e.g., XML, HTML, etc.) to a non-markup 
language format, and so on. These examples are presented 
by way of illustration, not limitation. 

In a second scenario, the user may directly or indirectly 
invoke the program generation system 102 for the primary 
purpose of extracting one or more data items from input 
items, obtained from any source. In this scenario, the second 
format represents a Subset of information expressed in the 
first format. 

In a third scenario, the user may directly or indirectly 
invoke the program generation system 102 based on a 
combination of reasons associated with the first scenario and 
the second scenario. For example, in addition to extracting 
information from the input items, the user may wish to 
perform any type of transformation on the extracted infor 
mation. The user may also add information to the output 
items which has no counterpart in the input items. 
The above-described data manipulation scenarios are rep 

resentative rather than exhaustive. The user may invoke the 
program generation system 102 to accomplish yet other data 
manipulation objectives. 

In terms of physical implementation, the various modules 
and systems shown in FIG. 2 can be implemented by one or 
more computing devices. These computing devices can be 
located at a single location or can be distributed over plural 
locations. For example, local data manipulation functional 
ity 202 can interact with a local program generation system 
102 to perform the functions summarized above. In another 
case, local data manipulation functionality 202 can interact 
with a remote network-implemented program generation 
system 102 to implement the functions described herein. 
Further, the various modules and systems shown in FIG. 2 
can be administered by a single entity or plural entities. 
Any type(s) of computing device(s) can be used to 

implement the functions described in FIG. 2, including a 
personal computing device, a workstation computing 
device, a laptop computing device, a personal digital assis 
tant device, a mobile telephone device, a game console 
device, a set-top box device, a server computing device, and 
SO. O. 

The program generation system 102 and the data manipu 
lation functionality 202 can also interact with one or more 
data stores 206. For example, the data stores 206 can store 
input-output examples and the like. 

With the above introduction, the explanation now 
advances to the illustrative composition of the program 
generation system 102. The program generation system 102 
includes (or can be conceptualized to include) a collection of 
modules. This section provides an overview of these mod 
ules. Later respective sections provide additional details 
regarding each of these modules. By way of overview, the 
program generation system 102 can convert the input-output 
examples into the program 114 in a three-part process: a 
parsing module 208 performs the first part; a transformation 
module 210 performs the second part; and a formatting 
module 212 performs the third part. 
More specifically, the parsing module 208 identifies 

respective parts of the input items. As noted above, these 
parts are referred to herein as input parts. The parsing 
module 208 can also identify respective parts of the output 
items. These parts are referred to herein as output parts. The 
parsing module 208 can use one or more parsing tools 216 
to perform this function. The parsing tools 216 can rely on 
at least one data store 218 that provides parsing rules. 
Section B provides additional information regarding the 
operation of the parsing module 208. 
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8 
The transformation module 210 determines whether each 

of the output parts identified by the parsing module 208 can 
be computed using one or more converter modules. The 
transformation module performs this task by searching 
within a data store 220. The data store 220 provides a 
collection of candidate conversion modules. Each candidate 
conversion module transforms input information into output 
information based on at least one predetermined rule. To 
facilitate this searching operation, the transformation mod 
ule 210 may rely on one or more optional search tools 222. 
Section C provides additional information regarding the 
operation of the transformation module 210. 
The formatting module 212 provides formatting instruc 

tions which transform selected output parts into a form 
specified by the original output items. For example, the 
formatting module 212 can arrange the output parts in an 
order that matches a format specified by the output items. 
Further, the formatting module 212 can print constant infor 
mation to match invariant information presented in the 
output items. Section D provides additional information 
regarding the operation of the formatting module 212. 
The program generation system 102 can output the gen 

erated program 114 which reflects the processing performed 
by the parsing module 208, the transformation module 210, 
and the formatting module 212. The generated program 114 
can be used to transform new input items into new output 
items based on logic embodied in the collection of input 
output examples. In one case, the program generation sys 
tem 102 expresses the generated program 114 as a collection 
of program modules to be invoked in a particular order. One 
or more program modules may represent instantiations of 
converter modules identified by the transformation module 
210. One or more other program modules may operate by 
extracting content in a new input item and printing that 
extracted content in a corresponding new output item. One 
or more other program modules may carry out formatting 
operations identified by the formatting module 212 that 
affect the appearance (but not necessarily the content) of the 
output parts, and so on. 

FIG.3 shows a procedure 300 which presents a high-level 
description of the operation of the data manipulation system 
200 of FIG. 1. In block 302, the data manipulation system 
200 receives a set of input-output examples. Each input 
output example includes a data item (including one or more 
input string items) and an output item. In block 304, the data 
manipulation system 200 creates the program 114 based on 
the input-output examples. In block 304, the data manipu 
lation system 200 uses the program 114 to transform addi 
tional new input items (which have not yet been trans 
formed) into new output items. 

FIG. 4 shows a procedure 400 which presents a more 
detailed description of the manner in which the program 
generation system 102 produces the generated program 114. 
In block 402, the program generation system 102 receives a 
set of input-output examples. In block 404, the program 
generation system 102 parses each input item into compo 
nent input parts, and parses each output item into component 
output parts. In block 406, the program generation system 
102 identifies transformations (if any) which can convert 
input parts into respective output parts. These transforma 
tions are performed by respective converter modules 
selected from a collection of candidate converter modules. 
In block 408, the program generation system 102 generates 
formatting instructions which transform selected output 
parts into an appropriate form specified by the output items. 
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In block 410, the program generation system 102 outputs the 
generated program 114 on the basis of the analysis per 
formed by blocks 404–408. 

B. Illustrative Parsing Module 
This section describes one manner of operation of the 

parsing module 208 of FIG. 2. To repeat, the parsing module 
208 parses the input-output examples into component parts. 
FIG. 5 provides an example which sets forth one manner of 
operation of the parsing module 208. FIGS. 6 and 7 sum 
marize concepts imparted by the example of FIG. 5 in 
generalized flowchart form. 
More specifically, FIG. 5 shows the outcome of parsing 

performed on the first input-output example shown in FIG. 
1. That input-output example includes an input item that 
reads as “2-2-15 Denver 152.02, Paid and a corresponding 
output item that reads as “feb 2015, S152, CO, Paid.” The 
parsing module 208 operates to break the input item into 
component parts (referred to herein as low-level input parts) 
and break the output item into component parts (referred to 
herein as low-level output parts). In the simplified represen 
tative example of FIG. 5, the parsing module 208 identifies 
the following low-level input parts: “2-2-15': “Denver’’: 
“152.02; a comma; and "Paid.” The parsing module 208 
identifies the following low-level output parts: “feb 2015': 
a comma; a dollar sign (“S”); “152; a comma: “CO'; a 
comma; and "Paid.” 

In addition, or alternatively, the parsing module 208 can 
identify high-level parts. Each high-level part may combine 
two or more low-level parts described above. For example, 
the parsing module 208 can identify a high-level input part 
in the form of a constructor, that constructor organizes all of 
the individual input parts identified above in a prescribed 
manner (e.g., as a data structure). In addition, or alterna 
tively, the parsing module 208 can break one or more of the 
above-identified low-level parts into yet smaller low-level 
parts. For example, the parsing module 208 can partition the 
input part “2-2-15' into a component month input part and 
a year input part. 

In one case, the parsing module 208 can associate differ 
ent data types with respective parts. Different data types can 
be defined for different respective environments. For 
example, in one merely representative environment, the 
parsing module 208 can identify data types corresponding to 
date-related information, integer-related information, float 
ing-point-related information, string-related information, 
etc. Further, the parsing module 208 can assign different data 
types to corresponding “special characters, such as punc 
tuation marks of various kinds. Further, the parsing module 
208 can assign data types to the above-described high-level 
parts. A high-level part is composed of two or more com 
ponent data items associated with corresponding component 
data types. 

In the simplified example of FIG. 5, the parsing module 
208 provides a conclusive mapping of input items to input 
parts, and a conclusive mapping of output items to output 
parts. More generally, however, the parsing module 208 can 
identify two or more alternative interpretations as to how 
any item can be broken up into plural parts. The program 
generation system 102 can perform Subsequent analysis to 
select an appropriate interpretation from among plural pos 
sible interpretations. Further, in the simplified example of 
FIG. 5, the parsing module 208 identifies non-overlapping 
input parts and non-overlapping output parts. More gener 
ally, however, the parsing module 208 can identify overlap 
ping parts. 

The parsing module 208 can perform the above-described 
parsing operation using one or more parsing tools 216. In a 
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10 
first implementation, the parsing module 208 parses an item 
(either an input item or an output item) into component parts 
using lexer functionality. The lexer functionality processes 
the item to identify patterns that match predetermined pars 
ing rules specified in a data store. For example, a rule can 
define a word as a string that includes a sequence of 
characters without any intermediate whitespace characters. 
The lexer functionality can examine the item to determine 
whether the item contains any parts which match this 
description. More complex rules can be used for other data 
types, such as date information. The parsing module 208 can 
use the above-described type of lexer functionality to gen 
erate the low-level parts shown in FIG. 5. 

In a second implementation, the parsing module 208 can 
provide additional parsing which organizes the low-level 
parts into high-level parts. Various known approaches can be 
used to perform this task. In one case, for instance, the 
parsing module 208 can use PADS-related technology, 
described, for instance in: Kathleen Fisher et al., “From Dirt 
to Shovels: Fully Automatic Tool Generation from Ad Hoc 
Data”, Proceedings of the 35th Annual ACM SIGPLAN 
SIGACT Symposium on Principles of Programming Lan 
guages, 2008, pp. 421-434; Kathleen Fisher, et al., “Learn 
PADS: Automatic Tool Generation from Ad Hoc Data’. 
Proceedings of the ACM SIGMOD International Conference 
on Management of Data, 2008, pp. 1299–1302; and Qian Xi, 
et al., “Ad Hoc Data and the Token Ambiguity Problem’, 
Proceedings of the 11th International Symposium on Prac 
tical Aspects of Declarative Languages, 2009, pp. 91-106. 
Generally, the PADS technique automatically defines the 
organization of parts within data; the data is “ad hoc' in the 
sense that the PADS technique imposes no a-priori expec 
tations regarding the organization of data parts within the 
data. FIG. 6, discussed below, provides additional informa 
tion regarding the PADS technique. 

In a third implementation, the parsing module 208 deter 
mines whether parts within the output items also appear as 
parts within the input items. For example, the parsing 
module 208 can determine that the string "Paid that appears 
in the output item also appears, Verbatim, within the input 
item. The parsing module 208 can use any technology for 
performing this comparison, such as the longest Subse 
quence matching technique. The parsing module 208 can use 
this insight to help identify meaningful parts in both the 
input items and the output items. For example, the parsing 
module 208 can conclude that the word “Paid is likely a 
meaningful unit of information because it appears in both 
the input item and the output item, even though the arrange 
ment of parts in the output item is otherwise different than 
the arrangement of parts in the input item. 
The parsing module 208 can use yet other types of tools 

and techniques to partition the items into parts. Further, the 
parsing module 208 can use a combination of two or more 
tools to perform the parsing. For example, one parsing tool 
can be used to help validate the accuracy of the parsing 
performed by another tool. In addition, or alternatively, one 
parsing tool can be used to identify additional parts which 
cannot be found using another tool, and so on. 

FIG. 6 shows a procedure 600 which summarizes the 
operation of the parsing module 208 in flowchart form. In 
block 602, the parsing module 208 can use one or more 
parsing tools 214 to identify input parts within each input 
item. In block 602, the parsing module 208 can use one or 
more parsing tools 214 to identify output parts within each 
output item. In other implementations, the parsing module 
208 can perform block 604 before block 602, or can perform 
blocks 602 and 604 at the same time. 
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Generally, after performing the procedure 500, the parsing 
module 208 outputs parsing information which enumerates 
possible parts within the input items and the output items. As 
mentioned above, the parsing information can capture alter 
native parsing interpretations. The transformation module 
210 and the formatting module 212 perform analysis with 
respect to these identified parts. Ultimately, the program 
generation system 102 generates a program 114 based on 
one particular interpretation regarding the parsing of the 
input items and output items. 

FIG. 7 shows a procedure 700 which provides informa 
tion regarding the PADS tool in flowchart form, applied to 
the present context of processing items within input-output 
examples. In block 702, the PADS tool receives a plurality 
of items. In the present context, these items may correspond 
to a plurality of input items or a plurality of output items, or 
both input items and output items. In block 704, the PADS 
tool parses the items into respective low-level parts. For 
example, the PADS technique can use the above-described 
lexer functionality in combination with parsing rules to 
perform this task. This yields, for example, the type of 
low-level partitioning shown in the example of FIG. 5. 

In blocks 706 and 708, the PADS technique performs 
additional parsing on the items to identify high-level parts. 
Namely, each high-level part can correspond to a constructor 
which defines the organization of two or more low-level 
parts identified in block 704. 
More specifically, to begin with, in block 706, the PADS 

technique identifies a top-level encompassing part which 
describes the organization of low-level parts. In one 
approach, the PADS technique can perform this operation by 
determining the frequency of different low-level parts within 
the items, and then forming a histogram which expresses this 
frequency information. The PADS technique uses the his 
togram to propose a top-level constructor that can be used to 
organize the low-level parts. The PADS technique can use 
this same technique to identify the organization of individual 
sections within the top-level part. 

In block 708, the PADS technique successively modifies 
the constructor identified in block 706 to improve its con 
ciseness. For example, the PADS technique can generate a 
conciseness score which identifies the amount of informa 
tion that is used to describe the partitioning of the items. The 
PADS technique can then modify the organization of the 
constructor based on various rules. The PADS technique 
then determines whether that modification impoves the 
conciseness score. If so, the PADS technique retains the 
modification and repeats the above modification operation. 
The PADS technique terminates the refinement step when it 
concludes that no further modification can improve the 
conciseness score. 
The above-described PADS technique can be modified in 

various ways to potentially improve the quality of its results. 
For example, the PADS technique can generate a statistical 
model based on a corpus of training data. The PADS 
technique can then use that statistical model to define the 
most likely way of partitioning the items into low-level 
parts. The PADS technique can then infer the high-level 
parts in the manner described above. 

To repeat, the parsing module 208 can use any parsing 
tool or tools, the known PADS technique being one of many 
possible tools. For example, in other implementations, the 
parsing module 208 can omit use of the PADS technique, 
e.g., by just using lexing functionality to identify low-level 
parts. 
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C. Illustrative Transformation Module 
This section describes one manner of operation of the 

transformation module 210 of FIG. 2. To repeat, the trans 
formation module 210 identifies one or more converter 
modules that can be used to transform input parts into 
corresponding output parts. FIGS. 8 and 9 show an example 
which sets forth one manner of operation of the transfor 
mation module 210. FIG. 10 summarizes concepts imparted 
by the example of FIGS. 8 and 9 in generalized flowchart 
form. 
More specifically, FIGS. 8 and 9 show how different 

output parts correspond to different respective input parts. 
For each such case, the transformation module 210 inves 
tigates the collection of candidate converter modules (in data 
store 220) to determine whether there is one or more 
converter modules that can perform the transformation of 
the identified input part to the corresponding output part. In 
one case, the transformation module 210 identifies a single 
converter module that can perform the desired conversion. 
In other cases, the transformation module 210 identifies two 
or more converter modules that perform the desired conver 
sion when applied in a specified sequence. In yet other cases, 
the transformation module 210 may not be able to find any 
converter module which performs the desired conversion. 

Starting with the scenario labeled “A” the transformation 
module 210 identifies two converter modules (802, 804) that 
can generate “feb” in the output item based on the numeric 
month '2' in the input item. Namely, the converter module 
802 receives a numeric month as an input and generates a 
three-letter month label as an output. The converter module 
804 receives a titlecase sentence as an input and generates a 
lowercase sentence as an output. 

In scenario B, the transformation module 210 identifies a 
single converter module 806 that can generate “2015” in the 
output item based on the number “15” in the input item. 
Namely, converter module 806 receives a two-digit year 
number as an input and generates a four-digit year number 
as an output. 

In scenario C, the transformation module 210 identifies a 
single converter module 808 that can generate “CO' in the 
output item based on “Denver' in the input item. Namely, 
the converter module 808 receives a city name as an input 
and generates a corresponding state name as an output, 
where the state name corresponds to the state in which the 
city is located. The converter module 808 can use a prede 
termined lookup table to perform this type of conversion. 

In scenario D, the transformation module 210 identifies a 
single converter module 902 for generating the number 
“152 in the output item based on the number “152.02 in 
the input item. Namely, the converter module 902 receives 
a floating point dollar amount as an input and generates a 
rounded-off dollar amount as an output. Although not used 
in this example, in other scenarios, the transformation mod 
ule 210 can rely on a converter module 904 to convert 
monetary information from one currency basis to another, 
e.g., from British pounds to U.S. dollars, etc. 

In scenario E, the transformation module 210 determines, 
based on the parsing information provided by the parsing 
module 208, that the word “Paid in the output item exactly 
matches the same word in the input item. In this case, the 
transformation module 210 can forego an attempt to find a 
converter module to produce the output part "Paid.’ Instead, 
the program generation system 102 will generate a program 
module 906 which simply extracts the last word in the input 
item and repeats it as the last word in the output item. 
As can be appreciated, the examples above are presented 

by way of illustration, not limitation. In general, at least one 
of the candidate converter modules in the collection can be 
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configured to convert date information from a first date 
format to a second date format. At least one of the candidate 
converter modules in the collection can be configured to 
convert measurement information from a first standard to a 
second standard (such as by converting distance information 
from meters to feet, etc.). At least one candidate converter 
modules in the collection can be configured to convert 
numeric information into an output form using a mathemati 
cal operation (such as by performing a Summation operation, 
a value-incrementing operation, a value-decrementing 
operation, and so on). At least one candidate converter 
module can search for identified content in an input item and 
replace it with designated content for use in a corresponding 
output item. The collection of converter modules can include 
yet other types of modules. 

In one case, the program generation system 102 can use 
an extensible framework to implement the collection of 
candidate converter modules. Users can add new converter 
modules to the collection providing that these new converter 
modules conform to the format set forth by the extensible 
framework. 
The transformation module 210 can use different 

approaches to identify appropriate converter modules. In 
one implementation, the transformation module 210 can 
Successively apply different candidate converter modules to 
process the input items. After each computation using a 
particular converter module, the transformation module 210 
can determine whether the output information generated by 
that converter module matches output parts within the output 
items in a consistent manner. For example, for Scenario C, 
the transformation module 210 can successively feed the 
collection of city names to different candidate converter 
modules. The transformation module 210 can conclude that 
the city-to-state converter module 808 produces strings 
which consistently match the names of the states identified 
in the output items. Hence, the transformation module 210 
can conclude that the converter module 808 is an appropriate 
choice to produce the state names in the output items. As 
stated above, in Some cases, a transformation entails the use 
of two or more converter modules to convert an input part 
into a corresponding output part. Hence, the transformation 
module 210 can also methodically investigate different 
combinations of converter modules. 

To accelerate the above-described search task, the trans 
formation module 210 can rely on one or more search tools 
222 (also referred to herein as search acceleration tools). For 
example, the transformation module 210 can use a satisfi 
ability determination module. Such as, but not limited to, a 
propositional satisfiability (SAT) tool or a Satisfiability 
Modulo Theories (SMT) tool. For example, the transforma 
tion module 210 can feed a logical formula to an SMT tool 
which expresses the existence of a composition of converter 
modules that can perform the desired transformation. The 
SMT tool can process the formula in the logical domain to 
determine whether it has at least one solution (and thereby 
can evaluate to TRUE); if so, the parameters associated with 
each solution correspond to one or more converter modules 
that can be used to perform the transformation. One par 
ticular SMT tool that can be used to perform this task is the 
publically-available Z3 SMT tool provided by Microsoft(R) 
Corporation of Redmond, Wash., e.g., as described in Leon 
ardo de Moura, et al., “Z3: An Efficient SMT Solver, in 
Tools and Algorithms for the Construction and Analysis of 
Systems, Vol. 4963/2008, Apr. 3, 2008, pp. 337-340. 

FIG. 10 shows a procedure 1000 which summarizes the 
above concepts in flowchart form. In block 1002, the trans 
formation module 210 determines whether an output part 
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14 
under consideration can be derived by directly copying a 
corresponding input part from a corresponding input item. If 
so, the transformation module 210 can forego the investi 
gation performed in block 1004. In block 1004, the trans 
formation module 210 can determine whether the output part 
under consideration can be derived from a corresponding 
input part using one or more converter modules. 
The loop in FIG. 10 indicates that the transformation 

module 210 can repeat the above analysis until it has 
identified a complete set of converter modules that may be 
used to generate output parts of the output items. In some 
cases, the transformation module 210 can conclude that one 
or more output parts cannot be derived using converter 
modules. Indeed, in some cases, the transformation module 
210 can conclude that no output parts can be derived using 
converter modules. 

In the above examples, it was assumed that all of the input 
items (associated with the input-output items) adopt a con 
sistent format. In this case, a converter module (or combi 
nation of converter modules) is a viable choice if it provides 
a Successful transformation for all instances of the input 
output examples. In other implementations, the program 
generation system 102 can process input items that adopt 
two or more formats. For example, assume that the input 
items of FIG. 1 include two ways of describing the invoice 
information. In this case, the transformation module 210 can 
identify a first converter module (or combination of con 
verter modules) which works for a first subset of input 
output examples and a second converter module (or com 
bination of converter modules) which works for a second 
Subset of input-output examples. The generated program 114 
can use conditional cues that appear in the input items to 
determine whether the first converter module or the second 
converter module is to be invoked. 

D. Illustrative Formatting Module 
This section describes one manner of operation of the 

formatting module 212 of FIG. 2. To repeat, the formatting 
module 212 generates formatting instructions which present 
the output parts in a form specified by the original output 
items. FIGS. 11 and 12 show an example that sets forth one 
manner of operation of the formatting module 212. FIG. 13 
summarizes concepts imparted by the example of FIGS. 11 
and 12 in generalized flowchart form. 
The formatting module 212 operates by selecting program 

modules which can be used to generate each part of the 
output items. First, the formatting module 212 can finalize 
the selection of conversion options identified by the parsing 
module 208 and the transformation module 210. For 
example, in Some cases, the formatting module 212 can 
identify one or more program modules which provide one or 
more corresponding output parts using the converter 
module(s) identified by the transformation module 210. In 
addition, or alternatively, the formatting module 212 can 
identify one or more program modules which provide one or 
more corresponding output parts by directly copying por 
tions of the input items; the parsing module 208 identifies 
this type of direct correspondence. 

In addition, or alternatively, the formatting module 212 
can identify one or more program modules which affect the 
manner in which the output items are visually presented in 
the output items. For example, the formatting module 212 
can provide formatting instructions which print output parts 
in various columns (or other identified locations and/or 
orientations), various sizes, various colors, and so on. In 
addition, or alternatively, the formatting module 212 can 
provide formatting instructions which print constant infor 
mation based on invariant information which appears in the 
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original output items (where this invariant information is not 
accounted for by any converter modules). In addition, the 
formatting module 212 can identify formatting instructions 
which govern the order in which the generated program 114 
will execute the program modules, which controls, in part, 
the order in which output parts will appear in the output 
items. To generate these kinds of formatting instructions, the 
formatting module 212 can establish a correspondence 
between output parts identified by the parsing module 208 
and the transformation module 210 with content that appears 
in the original output items. This correspondence will iden 
tify how the output items can be presented to resemble the 
format of the original output items. For example, the for 
matting module 212 can identify that the words "Paid and 
“Pending appear in boldface in the original output items: 
therefore, the formatting module 212 can generate a format 
ting instruction which indicates that this part of each output 
item is to be presented in boldface. 
More specifically, FIG. 11 shows formatting instructions 

that can be generated by the formatting module 212 for the 
first output item (of FIG. 1), which reads “feb 2015, $152, 
CO, Paid.” For example, the formatting module 212 gener 
ates the following formatting instructions: (1) use the con 
verter modules 802 and 804 to generate the output part 
“feb”; (2) use the converter module 806 to generate the 
output part “2015”; (3) use a comma-printing programming 
module to generate a comma; (4) use a dollar-sign-printing 
programming module to generate a dollar sign; (5) use the 
converter module 902 to generate the output part “152”; (6) 
use a comma-printing programming module to generate a 
comma; (7) use the converter module 808 to generate the 
output item "CO’; (8) use a comma-generating program 
ming module to generate a comma; (9) use a direct-copy 
programming module to copy the last word in the input item 
(here, “Paid”) and print it as the last word in the output item; 
and (10) use a highlight-generating module to render the last 
word (“Paid”) in boldface. 

The formatting module 212 also generates a formatting 
instruction which indicates that the generated program is to 
apply the above-indicated ten operations in Succession (in 
the order given above) to produce the output item. For 
example, FIG. 12 shows a high-level view of a generated 
program 1202 which incorporates the ten operations 
described above. After being formed, the generated program 
1202 can receive a new input item and generate a new output 
item. The new output item is produced by applying the ten 
operations in Succession on the new input item. 

In some cases, the formatting module 212 can identify 
two or more programming modules that can be used to 
generate the same output item, possibly predicated on dif 
ferent interpretations of how the output item is to be parsed. 
In that case, the transformation module 210 can apply any 
consideration to choose one of the programming modules 
(such as by selecting the least complex programming mod 
ule). By making this selection, the formatting may, in some 
instance, implicitly select from among different parsing 
interpretations identified by the parsing module 208. 

FIG. 13 shows a procedure 1300 which summarizes the 
explanation above in flowchart form. In block 1302, the 
formatting module 212 selects the programming modules 
that will be used to provide the generated program 114. As 
stated, the formatting module 212 can draw from different 
Sources to provide the programming modules, including the 
converter modules identified by the transformation module 
210. In block 1304, the formatting module 212 outputs the 
generated program 114 which includes the identified pro 
gramming modules. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
E. Representative Processing Functionality 
FIG. 14 sets forth illustrative electrical data processing 

functionality 1400 that can be used to implement any aspect 
of the functions described above. With reference to FIGS. 1 
and 2, for instance, the type of processing functionality 1400 
shown in FIG. 14 can be used to implement any aspect of the 
program generation system 102, any aspect of the data 
manipulation functionality 202, etc. In one case, the pro 
cessing functionality 1400 may correspond to any type of 
computing device (or plural Such devices of any type), each 
of which includes one or more processing devices. 
The processing functionality 1400 can include volatile 

and non-volatile memory, such as RAM 1402 and ROM 
1404, as well as one or more processing devices 1406. The 
processing functionality 1400 also optionally includes vari 
ous media devices 1408, such as a hard disk module, an 
optical disk module, and so forth. The processing function 
ality 1400 can perform various operations identified above 
when the processing device(s) 1406 executes instructions 
that are maintained by memory (e.g., RAM 1402, ROM 
1404, and/or elsewhere). More generally, instructions and 
other information can be stored on any computer readable 
medium 1410, including, but not limited to, static memory 
storage devices, magnetic storage devices, optical storage 
devices, and so on. The term computer readable medium 
also encompasses plural storage devices. 
The processing functionality 1400 also includes an input/ 

output module 1412 for receiving various inputs from a user 
(via input modules 1414), and for providing various outputs 
to the user (via output modules). One particular output 
mechanism may include a display device 1416 and an 
associated graphical user interface (GUI) 1418. The pro 
cessing functionality 1400 can also include one or more 
network interfaces 1420 for exchanging data with other 
devices via one or more communication conduits 1422. One 
or more communication buses 1424 communicatively 
couple the above-described components together. 

Although the subject matter has been described in lan 
guage specific to structural features and/or methodological 
acts, it is to be understood that the subject matter defined in 
the appended claims is not necessarily limited to the specific 
features or acts described above. Rather, the specific features 
and acts described above are disclosed as example forms of 
implementing the claims. 

What is claimed is: 
1. A method, performed using at least one computing 

device, for generating a program that performs a data 
manipulation task, comprising: 

receiving input-output examples that include input items 
and corresponding output items, the corresponding 
output items representing transformed versions of 
respective input items; 

parsing the input items and the output items to provide a 
plurality of input parts and output parts, respectively, 
the parsing including: 
identifying multiple alternative approaches for parsing 

the input items and the output items into the plurality 
of input parts and output parts; and 

Selecting, based on analysis of the multiple alternative 
approaches, one of the multiple alternative 
approaches to use to parse the input items and the 
output items; 

identifying portions of the output items that match por 
tions of the respective input items by comparing the 
input parts with the output parts; 



US 9,613,115 B2 
17 

determining, for each output part, whether the output part 
can be produced from a corresponding input part using 
one or more converter modules; 

generating formatting instructions which transform 
Selected output parts into a form specified by the output 
items; and 

automatically creating a program based on said parsing, 
said determining, and said generating, the program 
being configured to be used to transform Subsequently 
received new input items into new respective output 
items. 

2. The method of claim 1, wherein said parsing comprises 
determining the input parts and the output parts based on a 
data store of parsing rules. 

3. The method of claim 1, wherein said determining 
comprises selecting said one or more converter modules 
from a collection of candidate converter modules. 

4. The method of claim 3, wherein said determining 
comprises investigating each candidate converter module in 
the collection of candidate converter modules. 

5. The method of claim 4, wherein said determining also 
comprises investigating each combination of two or more 
converter modules in the collection of candidate converter 
modules. 

6. The method of claim 3, wherein said determining 
comprises using a search acceleration tool to select said one 
or more converter modules from the collection of candidate 
converter modules. 

7. The method of claim 6, wherein the search acceleration 
tool is a satisfiability determination module. 

8. The method of claim 3, wherein at least one of the 
candidate converter modules converts date information from 
a first date format to a second date format. 

9. The method of claim 3, wherein at least one of the 
candidate converter modules converts measurement infor 
mation from a first standard to a second standard. 

10. The method of claim 3, wherein at least one of the 
candidate converter modules processes numeric information 
using a mathematical operation. 

11. The method of claim 1, wherein said generating 
comprises generating formatting instructions which arrange 
output parts in an order which matches a format specified by 
the output items. 

12. The method of claim 1, wherein said generating 
comprises generating formatting instructions which print 
constant information to match invariant information pre 
sented in the output items. 

13. A program generation system comprising: 
a data store that provides a collection of candidate con 

verter modules, each candidate converter module con 
figured to transform input information into output 
information based on at least one predetermined con 
version rule: 

at least a memory and a processor to implement: 
a parsing module configured to receive a plurality of 

input-output examples, the input-output examples 
including input items and corresponding output 
items that represent transformed versions of respec 
tive input items, and to process the input items and 
the output items based on at least: 
identification of two or more alternative approaches 

for dividing the input items and the output items 
into plural parts; 

selection of one said approach based on an analysis 
of the two or more alternative approaches; 
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18 
provision of a plurality of input parts and output 

parts, respectively, based on the selected 
approach; and 

identification of portions of the output items that 
match portions of the input items based on a 
comparison of the input parts with the output 
parts; 

a transformation module configured to determine, for 
each output part, whether the output part can be 
produced from a corresponding input part using one 
or more converter modules selected from the collec 
tion of candidate converter modules; and 

a formatting module configured to generate formatting 
instructions that transform selected output parts into 
a form specified by the output items, 

the program generation system configured to automati 
cally create a program using the parsing module, the 
transformation module, and the formatting module to 
be used to transform Subsequently received new input 
items into new respective output items. 

14. The program generation system of claim 13, wherein 
the parsing module is configured to determine the input parts 
and the output parts based on a data store of parsing rules. 

15. The program generation system of claim 13, wherein 
the transformation module is configured to use a search 
acceleration tool to select said one or more converter mod 
ules from the collection of candidate converter modules. 

16. The program generation system of claim 13, wherein 
the formatting module is configured to generate formatting 
instructions which arrange output parts in an order which 
matches a format specified by the output items. 

17. The program generation system of claim 13, wherein 
the formatting module is configured to generate formatting 
instructions which print constant information to match 
invariant information presented in the output items. 

18. A computer readable storage device for storing com 
puter readable instructions, the computer readable instruc 
tions providing a program generation system when executed 
by one or more processing devices, the computer readable 
instructions comprising: 

parsing logic configured to receive input-output 
examples, the input-output examples providing input 
items and corresponding output items that represent 
transformed versions of the input items, the parsing 
logic configured to: 
process the input items to provide a plurality of input 

parts based on identification of multiple alternative 
approaches for dividing the input items into the 
plurality of input parts, and selection of one said 
approach based on an analysis of the multiple alter 
native approaches; 

process the output items to provide a plurality of output 
parts based on selection of an additional approach 
from among multiple additional alternative 
approaches for dividing the output items into the 
plurality of output parts; and 

identify portions of the output items that match portions 
of respective input items by comparing the output 
parts with the input parts; 

transformation logic configured to determine, for each 
output part, whether the output part can be produced 
from a corresponding input part using one or more 
converter modules selected from a collection of candi 
date converter modules, each candidate converter mod 
ule configured to transform input information into 
output information based on at least one predetermined 
conversion rule; 



US 9,613,115 B2 
19 

formatting logic configured to generate formatting 
instructions which transform selected output parts into 
a form specified by the output items, at least one 
formatting instruction governing an order of presenta 
tion of the output parts; and 

program generation logic configured to use at least the 
Selected one or more converter modules and the gen 
erated formatting instructions to produce a program 
that is to be used to transform subsequently received 
additional input items into additional respective output 
items. 

19. The computer readable storage device of claim 18, 
wherein the transformation logic is configured to use a 
search acceleration tool to select said one or more converter 
modules from the collection of candidate converter modules. 

20. The computer readable storage device of claim 18, 
wherein the formatting logic is configured to generate for 
matting instructions which print constant information to 
match invariant information presented in the output items. 
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